Background Delayed gadolinium-enhanced MRI of cartilage (dGEMRIC) allows an objective, noninvasive, and longitudinal quantification of biochemical cartilage properties. Although dGEMRIC has been used to monitor the course of cartilage degeneration after periacetabular osteotomy (PAO) for correction of hip dysplasia, such longitudinal data are currently lacking for femoroacetabular impingement (FAI). Questions/purposes (1) How does the mean acetabular and femoral dGEMRIC index change after surgery for FAI at 1-year followup compared with a similar group of patients with FAI treated without surgery? (2) Does the regional distribution of the acetabular and femoral dGEMRIC index change for the two groups over time? (3) Is there a correlation between the baseline dGEMRIC index and the change of patient-reported outcome measures (PROMs) at 1-year followup? (4) Among those treated surgically, can dGEMRIC indices distinguish between intact and degenerated cartilage? Methods We performed a prospective, comparative, nonrandomized, longitudinal study. At the time of enrollment, the patients' decision whether to undergo surgery or choose nonoperative treatment was not made yet. Thirtynine patients (40 hips) who underwent either joint-preserving surgery for FAI (20 hips) or nonoperative treatment (20 hips) were included. The two groups did not differ regarding Tönnis osteoarthritis score, preoperative PROMs, or baseline dGEMRIC indices. There were more women (60% versus 30%, p = 0.003) in the nonoperative group and patients were older (36 ± 8 years versus 30 ± 8 years, p = 0.026) and had lower alpha angles (65°± 10°versus 73°± 12°, p = 0.022) compared with the operative group. We used a 3.0-T scanner and a threedimensional dual flip-angle gradient-echo technique for the dGEMRIC technique for the baseline and the 1-year followup measurements. dGEMRIC indices of femoral and acetabular cartilage were measured separately on the initial and followup radial dGEMRIC reformats in direct comparison with morphologic radial images. Regions of interest were placed manually peripherally and centrally within the cartilage based on anatomic landmarks at the clockface positions. The WOMAC, the Hip disability and Osteoarthritis Outcome Score, and the modified Harris hip score were used as PROMs. Among those treated surgically, the intraoperative damage according to the Beck grading was recorded and compared with the baseline dGEMRIC indices.
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Introduction
The concept of femoroacetabular impingement (FAI) is based on a motion-driven conflict of the femur and the acetabulum, which predisposes to premature osteoarthritis of the hip [11, 12] . The establishment of this concept has led to a tremendous increase in numbers of joint-preserving procedures of the hip [24] . Surgical decision-making for FAI should be comprehensive and should include multimodal imaging assessment of the bony morphology and the associated chondrolabral lesions. Although FAI correction by surgical hip dislocation can provide good clinical outcomes at 10 years in appropriately selected patients, the effects of both hip preservation surgery and FAI on cartilage integrity are unclear [43] .
Plain radiographs enable only indirect visualization of cartilage and standard, conventional MRI techniques are restricted to the detection of macroscopic chondral damage [7, 36, 46] . The vast majority of patients eligible for jointpreserving hip surgery present without classic signs of osteoarthritis on conventional radiographs. However, many already have severe cartilage lesions at the time of surgery, which are associated with a higher risk of persistent pain, progressive arthritis and subsequent conversion to THA [35] . Hence, accurate preoperative identification and quantification of cartilage degeneration with more sensitive tools should enable selection of those patients who benefit most from surgery.
Several advanced MRI-based techniques (T2, T2 * , T1 rho) can be used to quantitatively map cartilage in a noninvasive fashion. Among these, delayed gadoliniumenhanced MRI of cartilage (dGEMRIC) has been used most frequently in the hip [8-10, 16-18, 21, 22, 25, 26, 41] . dGEMRIC involves injection of an MRI hydrophilic contrast agent, Gd(DTPA) 2À [21, 22] , with subsequent imaging 90 minutes later to enable the contrast agent to penetrate the cartilage tissue. Because the contrast agent is negatively charged, it will have difficulty penetrating normal cartilage with abundant glycosaminoglycan (GAG), because the negatively charged GAG will repel it. In contrast, the agent will more easily penetrate degraded cartilage with less GAG, because the negative charge is less. Thus, a higher dGEMRIC index indicates healthier cartilage ( Fig. 1) [59] . Similar to the knee [4, 34] , dGEMRIC is a promising tool to quantify cartilage healing or degeneration before and after joint-preserving hip surgery and to monitor the natural course of hip diseases. Recently, the short-term effects of periacetabular osteotomy (PAO) for treatment of hip dysplasia on biochemical cartilage properties have been investigated [16, 17] . In these first reports a drop in dGEMRIC indices after 1 year and partial recovery after 2 years were observed [16, 17] . Although the prognostic value of dGEMRIC to predict early failure after PAO has been demonstrated [10, 25] , the role of preoperative cartilage assessment with dGEMRIC in predicting clinical outcome after FAI surgery is yet to be defined [9, 18] . Theoretically FAI surgery could lead to ''recovery'' of cartilage properties as assessed with dGMERIC by eliminating the bony conflict; conversely, surgery could cause worsening of cartilage degeneration by alterations in biomechanics.
Thus, we performed a planned interim analysis and asked: (1) How does the mean acetabular and femoral dGEMRIC index change after surgery for FAI at 1-year followup compared with a similar group of patients with FAI treated without surgery who thus represented the natural course of the disease? (2) Does the regional distribution of the acetabular and femoral dGEMRIC index change for the two groups over time? (3) 
Patients and Methods
We performed a prospective, comparative, nonrandomized, longitudinal study comparing the dGEMRIC index of patients undergoing surgery for symptomatic FAI compared with FAI patients who had been treated nonoperatively as a control group (natural history). This 1-year followup study is a first prespecified interim analysis. Further 3-year and 5-year followup is planned in this patient cohort. Patients were enrolled after institutional review board approval (Fig. 2) . Between September 2012 and April 2016, indirect MR arthrography with intravenous administration of contrast agent and acquisition of threedimensional T1 maps for measurement of dGEMRIC indices were performed in 105 patients (116 hips) with suspected FAI. We excluded three patients (three hips) with previous surgery, two patients (three hips) with childhood diseases such as Legg-Calvé-Perthes disease or slipped capital femoral epiphysis, four patients (four hips) with no confirmed FAI, and one patient (one hip) with endstage osteoarthritis (Grade 3 according to Tönnis [54] ), leaving 95 patients (105 hips) with symptomatic FAI. At the time of enrollment, patient decision to undergo surgery or to choose nonoperative treatment was not made yet. We offered joint-preserving surgery to all these patients. The final decision to undergo surgery was made by the patient leaving 45 patients (47 hips) treated operatively and 56 patients (58 hips) treated nonoperatively (six patients had an operatively and nonoperatively treated side, two patients underwent bilateral operative/nonoperative treatment). Of those, 48 patients (55 hips) were not yet available for a minimum followup of 1 year at the time of data evaluation (three patients had an operatively and nonoperatively treated side, two patients underwent bilateral nonoperative treatment, two patients had C 1-year followup only for one side). Ten patients (10 hips) refused to come back for a followup MRI. This left 19 patients (20 hips) in the operative group and 20 patients (20 hips) in the nonoperative group with a complete data set and followup (two patients had an operatively and nonoperatively treated side, one patient underwent bilateral surgery).
Based on the primary research question (change of baseline dGEMRIC value versus 1-year followup), we performed a power analysis using G * Power (Version 3.1.9.2; University of Dusseldorf, Düsseldorf, Germany). Given a mean preoperative acetabular T1 value in symptomatic FAI hips of 447 ms [58] , an expected difference of the T1 value 71 ms [17] , and an estimated SD of 120 ms [17] , we calculated a minimal sample size of 20 individuals for each group to provide a level of a of 0.05 and a level of b of 0.20. More patients were enrolled in the study group to perform further subgroup analyses in the future, which are beyond the scope of this preliminary study.
The two groups were comparable regarding side, height, weight, body mass index, and Tönnis osteoarthritis grade [54] (Table 1) . Furthermore, they were comparable for lateral center-edge angle, extrusion index, acetabular index, prevalence of positive crossover/posterior wall/ischial spine/protrusio signs, retroversion index, femoral torsion, and neck shaft angle (Table 2 ). In particular, they were comparable regarding their preoperative PROMs (WOMAC, HOOS, mHHS; [ Table 3 ]) and their baseline dGEMRIC value (overall and for all regions of interest [ROIs] defined later; [ Table 4 ]). However, there were more women in the nonoperative group than in the operative group (60% female versus 30%, p = 0.003) and subjects were older in the conservatively treated group (mean Fig. 2 This flowchart shows the recruitment of the patients involved in our prospective study. * Six patients had an operatively and nonoperatively treated side; two patients underwent bilateral operative/nonoperative treatment; three patients had an operatively and nonoperatively treated side, two patients underwent bilateral nonoperative treatment, and two patients had C 1-year followup only for one side. àTwo patients had an operatively and nonoperatively treated side; one patient underwent bilateral surgery. LCPD = LeggCalvé-Perthes disease; SCFE = slipped capital femoral epiphysis. Values are mean ± SD with ranges in parentheses. Values are mean ± SD with ranges in parentheses.
36 ± 8 years versus 30 ± 8 years, p = 0.026; Table 1 ).
The nonoperative group presented with a lower a angle (65°± 10°versus 73°± 12°; p = 0.022; Table 2 ).
In the operative group, surgical hip dislocation (n = 12 [60%]) or hip arthroscopy (n = 8 [40%]) was performed. The indication for arthroscopic surgery was the presence of anterosuperior bony deformities and associated collateral damage. More complex and global deformities were treated by means of an open surgical hip dislocation. Groups were comparable regarding demographic and radiographic characteristics (Table 5 ). Baseline dGEMRIC indices were comparable between arthroscopic and open treatments (Table 6 ). Their preoperative PROMs (WOMAC, HOOS, mHHS; Table 7 ) were comparable as well. Arthroscopic procedures included: femoral osteochondroplasty in all eight cases (100%), acetabular rim trimming with labral refixation in three cases (38%), and microfracturing in one case (13%). Open procedures included femoral osteochondroplasty in all 12 cases (100%), acetabular rim trimming with labral refixation in eight cases (67%), acetabular rim trimming with labral reconstruction in two cases (17%), and microfracturing in three cases (25%). We compared mean acetabular and femoral dGEMRIC indices at baseline and 1 year after arthroscopic hip surgery versus surgical hip dislocation. Intraoperative assessment of chondral lesions was performed according to the Beck classification [3] and was reported in 18 (90%) cases. Intraoperative Beck grades of cartilage lesions were documented according to their localization, namely in the anterosuperior (12-3 o'clock) and posterosuperior (9-12 o'clock) quadrants [48] (Fig. 3 Patients were clinically evaluated by one of three individuals (FS, PCH, MSH) not involved in the surgical care of the patients at baseline and after 1 year. This included thorough acquisition of the patient history, a goniometric measurement of the hip ROM, the evaluation of the anterior and posterior impingement tests [51] , and the assessment of abductor strength. Substantial inter-and intraobserver agreements have been reported previously for ROM [20, 31, 55] and the anterior impingement test [30] . Patients completed WOMAC [5] , HOOS [27] , and mHHS [14] questionnaires at baseline and at the 1-year followup visit (Table 3) .
Routine baseline and 1-year followup radiographic evaluation included a standardized AP pelvic radiograph and a cross-table view [51] . Coxometric parameters were assessed on the AP pelvic radiograph with validated computer software Hip 2 Norm (University of Bern, Bern, Switzerland) by one of us (FS, not involved in the surgical treatment of the patients) [47, 50, 57] : lateral center-edge angle, extrusion index, acetabular index, crossover sign, posterior wall sign, retroversion index, and neck shaft angle. The a angle was measured on radial MR images [45] . Femoral torsion was measured according to Murphy et al. [32] on proximal axial MR images through the femoral head and the center of the base of the femoral neck relative to the orientation of the distal femoral condyles. Presence or absence of the ischial spine sign [23] and protrusio acetabuli [49] was evaluated conventionally on AP pelvic views. Radiographic parameters between Values are mean ± SD with ranges in parentheses. Change À120 ± 137 * Values are mean ± SD; means of peripheral and central regions of interest per hour position were used for calculation; for comparing changes over time between the acetabular and femoral cartilage, the difference between baseline and followup dGEMRIC indices was calculated at each clockface position; dGEMRIC = delayed gadolinium-enhanced MRI of cartilage.
nonoperative and operative groups did not differ except for the a angle (mean 65°± 10°versus 73°± 12°, p = 0.022).
All patients underwent indirect MR arthrography with intravenous administration of Gd-DTPA2-(Magnevist 0.2 mmol/ml/kg; Bayer, Leverkusen, Germany) to obtain morphologic and dGEMRIC images according to a standardized protocol. A single 3.0-T scanner (Trio; Siemens, Erlangen, Germany) with a flexible surface coil was used. After injection of contrast agent, patients were asked to walk around for 15 minutes and then to wait for a further 5 to 30 minutes to facilitate adequate penetration of gadolinium into the cartilage. In addition to the multiplanar protocol (aquisition time [AT] of 20 minutes), a two-dimensional radial proton density-weighted (PD-w) sequence (repetition time [TR]/echo time [TE], 1500/18 ms, slice thickness of 4 mm, 160 9 160-mm field of view, a matrix size of 448 9 317, AT of 4:30 minutes for 14 slices), which was oriented along the axis of the femoral neck, was obtained for morphologic assessment [28] . Acquisition of the T1 map for dGEMRIC measurements started 45 to 70 minutes after intravenous contrast injection. Similar to previous investigations, a dual-flip angle three-dimensional (3-D) gradient-echo technique was used (TR/TE, 15/ 3.3 ms, flip angles of 4°and 24°, slice thickness of 0.78 mm, 160 9 160-mm field of view, a matrix size of 192 9 192, isotropic voxel size of 0.78 mm 3 , AT of 8.46 minutes for 128 slices) [8, 16-18, 25, 29, 41] .
Commercially available software, Osirix (Version 6.0; Geneva, Switzerland [38] ), was used for reformation of 12 radial slices from the 3-D data set and for manual measurement of dGEMRIC indices by one author (FS) with 3 years of experience in hip MRI (Fig. 3A) . The orientation of the reformatted images was identical to the morphologic two-dimensional radial PD-w images to enable direct comparison between both sequences. This provides a reasonable approximation of the majority of both joint surfaces, because a full perpendicular assessment of the entire acetabular circumference is technically not feasible as a result of variants in the size and shape of the lunate surface [44] . Acetabular and femoral cartilage layers were assessed separately. On the acetabular side, dGEM-RIC indices were measured on 10 ''full-hour'' positions except for the 5 o'clock and 6 o'clock positions of the inferior acetabular notch. On the femoral side, all 12 ''fullhour'' positions were measured. The teardrop figure was used as an anatomic landmark for the acetabular 6 o'clock position (Fig. 3B) , whereas the most prominent appearance of the greater trochanter was used to define the femoral 12 o'clock position (Fig. 3C) [28] .
Baseline and followup dGEMRIC images were evaluated at the same time with direct comparison of morphologic radial PD-w slices. The followup morphologic scans were used to define the acetabular (Fig. 4A) and femoral (Fig. 4B ) cartilage extension for both dGEMRIC measurements to minimize variations in ROI placement resulting from femoral osteochondroplasty and rim trimming. Articular cartilage layers were divided into central and peripheral ROIs resulting in 20 ROIs per hip on the acetabular side and 24 ROIs per hip on the femoral side. The margins for the acetabular cartilage were the rim on the lateral side and the acetabular fossa on the medial side (Fig. 4C) . The margins for the femoral cartilage were the head-neck junction on the lateral side and the fovea capitis femoris on the medial side (Fig. 4D) . These ROIs were defined in the same manner on the baseline dGEM-RIC reformats within the acetabular (Fig. 4E ) and femoral cartilage (Fig. 4F) , respectively. The T1 value (dGEMRIC index) for each ROI at each time point was calculated by the software and stored in our database.
Two different observers (FS, MSH) measured the dGEMRIC indices independently from each other and on To answer question one, we compared the dGEMRIC index between baseline and followup measurements between the two study groups for the combined acetabular and combined femoral cartilage only. Furthermore, we compared mean acetabular and femoral dGEMRIC indices at baseline and 1 year after arthroscopic hip surgery versus surgical hip dislocation.
To answer question two, we compared the acetabular and femoral dGEMRIC indices of all 44 peripheral and central ROIs around the clockface for both groups over time.
To answer question three, we correlated the baseline dGEMRIC index with the change in the three assessed PROMs. In addition, we subdivided the operative group into two subgroups, similarly to previous studies [9, 26] : one with a ''normal'' and one with a ''pathologic'' dGEMRIC index. The threshold for an allocation to these subgroups was calculated by subtracting the SD from the mean dGEMRIC index of the entire joint per patient (332 ms). Differences in PROMs were then calculated for the two subgroups.
To answer question four, we compared the dGEMRIC index for the antero-and posterosuperior quadrants with the actual chondral damage at these locations. For the anterosuperior quadrant, patients were categorized as ''disease-positive'' when having cleavage lesions or fullthickness defects of the cartilage. For the posterosuperior quadrant, patients were categorized as ''disease-positive'' when having any chondral pathology.
Normal distribution was tested with the KolmogorovSmirnov test for continuous parameters. Normally distributed data were compared among and within groups with paired and unpaired Student's t-test. Nonnormally distributed data were compared among groups and within groups with the Mann-Whitney U-test for unpaired and Wilcoxon rank-sum test for paired variables. Categorical variables were compared with the chi square test. We used a linear regression analysis for correlation between change in PROMs and the baseline dGEMRIC index. We used planar maps for a more intuitive illustration of the dGEMRIC changes. The regionally distribution of dGEMRIC indices over the lunate surface and femoral head were illustrated using surface color plots. For smooth mapping, the dGEMRIC indices of each ROI were interpolated in a bilinear fashion using MATLAB (The MathWorks, Inc, Natick, MA, USA). High indices were colored blue estimating high GAG content, whereas conversely, low indices were colored red.
Results
Although both the operative and the nonoperative groups experienced decreased dGEMRIC indices, the declines were more pronounced in the operative group. The decrease was À96 ± 112 ms versus À16 ± 101 ms on the acetabular side and À96 ± 123 versus À21 ± 83 ms on the femoral side in the operative and the nonoperative groups, respectively (p \ 0.001 for both). For the study group undergoing operative treatment for FAI, the mean acetabular dGEMRIC index decreased from 521 ± 197 ms to 424 ± 165 ms (p \ 0.001) and the mean femoral dGEMRIC index decreased from 488 ± 174 ms to 392 ± 125 ms (p \ 0.001; Table 4 ). For the control group undergoing nonoperative treatment for FAI, the mean acetabular dGEMRIC index decreased from 505 ± 171 ms to 489 ± 178 ms (p = 0.006) and the mean femoral dGEMRIC index decreased from 462 ± 137 ms to 441 ± 141 ms (p \ 0.001; Table 4 ). Although both the group undergoing hip arthroscopy and the group undergoing surgical hip dislocation experienced decreased dGEMRIC indices, the decline in femoral dGEMRIC indices was more pronounced in hips after surgical hip dislocation (À120 ± 137 ms versus À61 ± 89 ms, p = 0.002; Table 6 ).
In the operative group, a drop in dGEMRIC indices was observed in all 20 acetabular and in 23 of 24 femoral clockface positions at the 1-year followup (Table 8) . Cumulative means of regional dGEMRIC indices at baseline and at 1-year followup are visualized (Fig. 5) for the operative group. In the nonoperative group a significant decline in dGEMRIC indices was observed in one of 20 acetabular and in three of 24 femoral clockface positions at the 1-year followup (Table 8) . Cumulative means of regional dGEMRIC indices at baseline and at 1-year followup are visualized (Fig. 6) for the nonoperative group.
Although changes in WOMAC correlated with the baseline dGEMRIC indices in the operative group, no correlations were found for the HOOS and mHHS ( Table 9 ). The strongest correlation was found between the change in the WOMAC score and the baseline dGEMRIC indices for the entire joint (R = 0.788; 95% CI, 0.716-0.858; p \ 0.001; Fig. 7 ). In the nonoperative group no correlations were found between the baseline dGEMRIC index and the change in the WOMAC, HOOS, or mHHS. We found greater improvement in the WOMAC score for patients with combined acetabular and femoral dGEMRIC indices C 332 ms (Group 2) than \ 332 ms (Table 10 ). There was no such difference for the HOOS and the mHHS (Table 10 ).
In the posterosuperior quadrant, the dGEMRIC index was higher (592 ± 203 ms versus 444 ± 205 ms; p \ 0.001) for patients with intact cartilage compared with hips with chondral pathologies (Table 11 ). There was no such difference for the anterosuperior quadrant (Table 11) .
Discussion
There is sparse information on the prognostic value of the dGEMRIC technique in patients undergoing surgical treatment for FAI despite its known predictive value in the surgical treatment of dysplastic hips [10, 25] ( Table 12) . Particularly, there is a lack of knowledge on the biochemical behavior of the articular cartilage after surgery over time and in comparison to the natural course of patients with FAI. To the best of our knowledge, this is the first prospective, longitudinal study on dGEMRIC in patients with FAI with a nonrandomized control group of patients who did not undergo jointpreserving surgery. We found that the dGEMRIC index decreased to a substantially higher degree in operatively treated patients with FAI compared with nonoperative management at 1-year followup. The baseline dGEMRIC index correlated with the improvement in the WOMAC score 1 year postoperatively. The dGEMRIC index was able to depict early chondral degenerations in the posterosuperior quadrant. This study has several limitations. This 1-year followup study is a first prespecified institutional review board-approved interim analysis. Further 3-year and 5-year followup is planned in this patient cohort. First, the sample size is limited. This was primarily based on the power analysis for our main research question. However, the study is underpowered to investigate other factors such as the subtype and severity of FAI morphology in a multivariate analysis fashion. More patients were enrolled in the final study group to perform further subgroup analyses, which were beyond of the scope of this preliminary study.
Second, besides the lack of differences in most of the demographic and radiographic factors, the two study groups differed in terms of sex, age (Table 1) . There were more women in the nonoperative group than in the operative group, subjects were older in the conservatively treated group. Furthermore a angles were lower (Table 2) .
These three factors can potentially influence the results in the FAI treatment [2, 33, 43] . Furthermore, these factors can affect biochemical cartilage properties as assessed with dGEMRIC. Although the higher prevalence of women and higher age could negatively influence biochemical cartilage properties in the control group and thus predispose to degenerative disease, the control group also demonstrated a lower a angle, which is associated with better joint survival [59] . Nevertheless, we found neither a preoperative difference in the PROMs (Table 3) nor a difference in the baseline dGEMRIC value (Table 4) for the two groups. Third, dGEMRIC is a rather complex MRI technique that can be influenced by the patient's body mass index, the degree of physical activity, and variations in delay between injection of contrast agent and imaging [52, 53] . The prospective design of our study and the use of a single scanner allowed the best possible standardization of the imaging technique. Fourth, the used protocol did not include B1 maps to correct for magnetic field inhomogeneities, which can affect dGEMRIC indices, especially at 3.0 T [40] . This drawback should not jeopardize our conclusions to a substantial degree because they were uniformly present in both groups at each time point. Fifth, both open and arthroscopic procedures were used. However, the rationale for the choice of the surgical approach was standardized according to previously published algorithms [39, 42] . Indications for arthroscopic surgery included the presence of anterosuperior bony deformities and associated collateral damage. Complex and global deformities were treated by means of open surgical hip dislocation. Femoral asphericities reaching over the retinacular vessels or in the posterior aspect of the femoral head were treated with open resection. There was no difference between the decline in mean acetabular dGEMRIC indices from baseline to the 1-year followup. However, the decrease in mean femoral dGMERIC indices was more pronounced in patients undergoing surgical hip dislocation (Table 6 ). This may be explained by the extent of open surgery despite the use of an intermuscular and internerval approach, which reportedly does not affect the joint surrounding soft tissues [13] .
The decrease in dGMERIC indices from baseline to the 1-year followup was more pronounced in the operative group than in the nonoperative group. We found a decrease in the dGEMRIC index (indicating more cartilage degeneration) in the operated group at 1-year followup (Fig. 5) despite the improvement of all PROMs (Table 3) . Even if we observed a decrease in the dGEMRIC index in the nonoperative group, this drop was less pronounced, although two of three PROMs did not improve (Table 3) . This paradox between reduced pain/improved function and a radiographic deterioration of the cartilage based on the dGEMRIC index has already been described earlier in hips undergoing PAO for hip dysplasia [16, 17] . Furthermore, Hingsammer et al. could not detect any radiographic or MR morphologic signs of osteoarthritis progression at the 2-year followup. At the 2-year followup, the same authors [16, 17] observed partial recovery of the biochemical properties. The reason for such an unexpected phenomenon remains unclear. Potential explanations are postsurgical inflammation and/or alteration in mechanical loading, which can directly influence the GAG content of the cartilage [15, 37] . Another explanation could be the slow regeneration potential of the bradytrophic articular cartilage covering several years. Our study differs from those of Hingsammer et al. [16, 17] To the best of our knowledge, the natural course of FAI in symptomatic patients has not been monitored previously with morphologic MRI or the dGEMRIC technique. By contrast a study involving 723 subjects (1411 hips, ''CHECK'' cohort) with early symptomatic osteoarthritis of the knee or hip could show that a angles [ 60°/[ 83°r esulted in an adjusted odds ratio of 3.67 and 9.66 for endstage radiographic osteoarthritis and THA, respectively, within 5 years [1] . Our findings in this small sample of Values are mean ± SD; dGEMRIC = delayed gadolinium-enhanced MRI of cartilage; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index; HOOS = Hip disability and Osteoarthritis Outcome Score; mHHS = modified Harris hip score. symptomatic subjects with FAI indicate that acetabular and femoral cartilage degeneration progresses at short term. We observed a uniform decline of the mean peripheral and central acetabular and femoral dGEMRIC indices. This is in contrast to dGEMRIC studies in dysplastic hips in which a more focal decline of the dGEMRIC value was observed at early followup. By using radial reformats, Hingsammer et al. [17] observed the changes mainly in the superior cartilage areas, which are exposed to substantially higher static stress in dysplastic hips [19, 56] . This stress is reduced by redirectional osteotomy. Based on the fact that mechanical loading affects the cartilage GAG content, it has been suggested that the persistent decline in dGMERIC indices reflects normalization of the static overload in dysplastic hips [17] . In contrast to dysplastic hips with static overload, hips with FAI suffer from dynamic stress resulting from the pathologic contact. Given the different pathomechanism, the extent of intraarticular surgery, we believe that the uniform dGEMRIC decrease could reflect ''normal'' postsurgical inflammation rather than osteoarthritis progression.
Although the predictive value of dGEMRIC for the clinical outcome in patients undergoing PAO for hip dysplasia has been established [10, 25] , limited data are available in patients with FAI with differing results [9, 18] . In contrast to our findings, neither Chandrasekaran et al. nor Hingsammer et al. could establish a correlation between the baseline dGEMRIC index and the change in PROM [9, 18] . The main reason for this might be the measurement technique. We obtained 3-D dGEMRIC maps, which allowed reformation of radial slices to achieve circumferential mapping of the entire cartilage, thereby covering all potential areas of prearthritic cartilage damage. Hingsammer at al. [18] and Chandrasekaran et al. [9] used one sagittal or a few coronal images only. With this approach, regions typically involved in advanced cartilage degeneration can easily be missed or underdiagnosed. We found that the change in WOMAC score correlated not only with the dGEMRIC index of the entire joint cartilage, but also with the central or peripheral dGEMRIC index of the superior quadrants. The correlation in strength of the regression analysis was comparable ( Table 9 ). This means that fast assessment at the antero-or posterosuperior quadrant only could be used reliably as a predictor in clinical practice.
As a result of the small sample size, we did not try to directly correlate between dGEMRIC and intraoperatively graded cartilage lesions. Nevertheless, when using a dichotomous analysis, the mean posterosuperior dGEM-RIC indices differed between surgically confirmed intact and degenerated cartilage. This was not the case for the anterosuperior quadrant, most likely as a result of the high prevalence of chondral lesions (Fig. 8) . In an earlier study a weak correlation between combined dGEMRIC indices and Beck grading for cartilage lesions in the setting of FAI was demonstrated [6] . More recently analysis of regional dGEMRIC measurements achieved a moderate to strong correlation between biochemical MRI and intraoperative Beck grading. These results highlight the importance of performing regional mapping of dGEMRIC indices in patients with FAI, which may be further facilitated by using automated postprocessed planar maps [8] .
In conclusion, we observed a paradoxic decline in dGEMRIC index 1 year after joint-preserving hip surgery for FAI despite clinical improvement in this planned preliminary analysis. Analogously, we observed a similar decrease in the dGEMRIC index in symptomatic patients without surgical treatment but to a much lesser degree. Patient selection for FAI surgery may be improved by our observation that patients with more severe symptoms and high baseline dGEMRIC indices benefited more from jointpreserving surgery than those with lower dGEMRIC indices and less severe symptoms. Although treatment of FAI is intended to alter the shear forces acting across the hip by eliminating impingement, its effects on cartilage biology are not clear. dGEMRIC provides a noninvasive method of assessing these effects. The observed decline in dGEMRIC indices neither confirms the benefit of surgical treatment of FAI nor does it disprove the first reported favorable long- Values are mean ± SD; dGEMRIC = delayed gadolinium-enhanced MRI of cartilage; AS = anterosuperior; PS = posterosuperior. term results after FAI surgery in the literature [43] . Longer term studies will be needed to determine whether the cartilage matrix changes seen here are permanent or reversible. 
